Stoichiometric methylation of porcine adrenocorticotropin by protein carboxyl methyltransferase requires deamidation of asparagine 25. Evidence for methylation at the alpha-carboxyl group of atypical L-isoaspartyl residues.
The enzymatic methylation of porcine adrenocorticotropin (ACTH) in both its native form and a form which is deamidated at asparagine 25 has been compared using purified protein carboxyl methyltransferase from bovine brain. Incubation of deamidated ACTH with high concentrations of methyltransferase resulted in near stoichiometric levels of methyl incorporation (78 mol %), while the methylation of native ACTH was highly substoichiometric (3-12 mol %). The Km and Vmax for deamidated ACTH were 1.9 microM and 11,200 pmol/min/mg, respectively, making this peptide the most specific substrate known for the mammalian methyltransferase. Deamidation of asparagine 25 leads to the formation of an atypical isopeptide bond in which the resulting aspartyl residue is linked to the adjacent glycine 26 via its side-chain beta-carboxyl group rather than the usual alpha-carboxyl linkage (Gráf, L., Bajusz, S., Patthy A., Barát, E., and Cseh, G. (1971) Acta Biochim. Biophys. Acad. Sci. Hung. 6, 415-418; Bornstein, P., and Balian, G. (1977) Methods Enzymol. 47, 132-145). A synthetic isopeptide (beta-linked) analog of deamidated ACTH serves as a highly effective substrate for the methyltransferase, but the corresponding normal (alpha-linked) peptide does not, indicating that this enzyme selectively recognizes the alpha-carboxyl group of atypical beta-linked L-aspartyl residues (see also accompanying paper (Murray, E.D., Jr., and Clarke, S. (1984) J. Biol. Chem. 259, 10722-10732]. Methylation of atypical beta-linked L-aspartyl residues resulting from deamidation can account for previous observations that in vitro protein carboxyl methylation in mammalian systems almost always occurs with a low stoichiometry and that these protein methyl esters are considerably less stable than most chemically formed protein methyl esters.